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Abstract
OBJECTIVE: To examine whether electroacupunc-
ture (EA) treatment inhibited cell apoptosis of inter-
vertebral annulus fibrosis (AF) via tumor necrosis
factor-α (TNF-α)-tumor necrosis factor receptor 1
(TNFR1)-caspase-8 and integrin β1/Akt signaling
pathways in a rat model of cervical intervertebral
disc degeneration caused by unbalanced dynamic
and static forces.
METHODS: Thirty-two Sprague-Dawley rats were
included in this study, of which 24 rats underwent
surgery to induce cervical intervertebral disc de-
generation, while eight rats received EA treatment
at Dazhui (GV 14). Immunohistochemical staining
was used to detect TNF-α, TNFR1, and caspase-8.
Apoptosis of AF cells was examined with terminal
deoxynucleotidyl transferase-mediated dUTP-bio-
tin nick end labeling (TUNEL) staining. The mRNA
and protein expression levels of integrin β1 and
Akt were evaluated with real-time polymerase
chain reaction and western blot analysis, respec-
tively.
RESULTS: Treatment with EA decreased TUNEL-pos-
itive AF cells and lowered TNF-α, TNFR1 and cas-
pase-8 positive cells compared with control
groups. EA treatment also increased integrin β1
and Akt mRNA and protein levels compared with
controls.
CONCLUSION: Treatment with EA inhibits AF cell
apoptosis through suppression of the TNF-α-TN-
FR1-caspase-8 signal pathway and increases the ex-
pression of integrin β1 and Akt. EA may be a good
alternative therapy for treating cervical spondylosis.
© 2014 JTCM. All rights reserved.
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INTRODUCTION
Cervical spondylosis (CS) is a common degenerative
phenomenon of the cervical spine.1 Clinically, several
syndromes, both overlapping and distinct, are seen.
The pathogenesis of CS remains unclear, it is most like-
ly due to the degeneration of intervertebral discs
(IVDs).2-4 One of the key factors of IVD is annulus fi-
brosis (AF) cell apoptosis.2,5 Direct signal transduction
apoptosis is one of the main pathways that controls
apoptosis,6 and the tumor necrosis factor receptor (TN-
FR) functions as an important inducer of cell apopto-
sis.7 The caspase-independent apoptotic pathway, deter-
mined by apoptosis-inducing factor (AIF), also plays
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an important role in the control of cell demise.8
TNF is a cytokine produced by many cell types, includ-
ing macrophages and monocytes cells, that exerts pleio-
tropic functions in immunity, inflammation, and apop-
tosis.9 TNFR1, an important TNF receptor, is widely
expressed on a number of cell types. Upon TNF bind-
ing to TNFR1, the TNF receptor 1-associated death
domain (TRADD) interacts with the death domain of
TNFR1 and then binds to Fas-associated death do-
main (FADD).10 Caspase 8 plays a central role in medi-
ating Fas-induced apoptosis,11 and its activation is in-
hibited by Flice-like inhibitory protein (FLIP).12 Previ-
ous studies showed that tumor necrosis factor alpha
(TNF-α) expression was significantly higher in the rup-
ture of AF than in unruptured annulus.13,14
Integrins are the major cell adhesion receptors that me-
diate adhesion to the extracellular matrix proteins,
which modulate many important aspects of cell behav-
ior. Recent studies show that integrins can not only in-
crease cell survival, but also affect the regulation of
apoptosis and tissue remodeling.15 Activated Akt regu-
lates critical cellular functions such as integrin-mediat-
ed cell adhesion, cell survival and cell apoptosis.16 Focal
adhesion kinase (FAK) is a nonreceptor protein tyro-
sine kinase that is implicated in signal transduction in-
tegrin-mediated pathways.17 Activation of FAK medi-
ates the phosphatidylinositol 3-kinase (PI3K)/Akt sig-
naling pathway.18 The PI3K/Akt signaling pathway
components are frequently altered in human cancers,
and evidence has shown that the PI3K/Akt signaling
pathway is involved in the integrin-mediated inhibi-
tion of apoptosis.19
Treatment for CS currently only includes surgical and
non-surgical treatment options. Acupuncture has been
established an effective treatment for pain relief for CS,
as published by the World Health Organization
(WHO). The Dazhui (GV 14), belonging to the Gov-
ernor Vessel, can free meridians, dredge collaterals, free
Qi, relieve pain, promote blood circulation and elimi-
nate blood stasis, and is often used for neck stiffness,
upper limb paralysis and shoulder and lumbar pain.2
EA can improve the spinal cord,20 nerve roots, neck
muscle spasms,21 ligament calcification and ossification
process,22 and delay or reduce facet joint capsule. How-
ever, the underlying mechanism is still unclear. There-
fore, here we examined integrin β1, Akt, TNF-α, TN-
FR1, and caspase-8 expression in AF cell apoptosis of
EA treatment in a rat cervical spondylosis model.
MATERIALS ANDMETHODS
Animals
Thirty-two SPF Sprague-Dawley rats [1 month old,
weighing (160±10) g], including 18 males and 18 fe-
males, were provided by the Shanghai Laboratory Ani-
mal Center. The Ethical Committee of Fujian Univer-
sity of Traditional Chinese Medicine approved all ex-
periments. The rats were maintained in a 12-h light/
dark cycle with controlled temperature and humidity
in the Experimental Animal Center of Fujian Universi-
ty of Traditional Chinese Medicine.
According to random number table, the rats were ran-
domly assigned to two groups: a sham group (n=8; half
male and half female), in which the rats did not under-
go any surgery, and a surgical group (n=24; half male
and half female), which underwent surgery to induce
cervical IVD degradation through unbalanced dynam-
ic and static forces, as described in our previous re-
port.2 The rats in the surgical group were further ran-
domly sub-grouped into three groups of eight rats
(four males and four females): a control group that un-
derwent the same process as the other groups but with-
out acupuncture or electrical treatment, a group treat-
ed with EA (EA group) and a group treated with
meloxicam tablets (MT group), which acted as a posi-
tive control.
EA protocols were as follows: rats were fixed by
self-made elastic. Acupuncture needles were inserted to
depths of approximately 3 mm at acupoint Dazhui
(GV 14), stimulated with EA at 1 mA in intensity and
2/100 Hz in frequency using a HANS EA instrument
(Model No. 100A, Shijiazhuang Fusai Medical Devic-
es Ltd., China). The EA treatment was sustained for 30
min once a day and a complete course consisted of 14
days with a 2-day interval between two courses. In the
MT group, meloxicam (0.75 mg/kg) was given by in-
tragastric administration for 30 days. The sham and
the control group were identical to the other groups
but without acupuncture or electrical treatment. All
rats were euthanized using pentobarbitone sodium
(Nembutal®; 100 mg/kg, i.p.; Boehringer Ingelheim,
Australia). After removal of the surrounding skin and
soft tissues, the cervical spines were harvested for analy-
ses.
Terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labeling (TUNEL) assay
The paraffin sections were examined by TUNEL assay
for the quantitative analyses of apoptosis. The assay
was carried out with an in situ apoptosis kit (R&D Sys-
tems, Minneapolis, MN, USA) in accordance with the
manufacturer's protocol with minor modifications.
TUNEL-positive cells were counted in viable regions
peripheral to areas of necrosis in AF sections from each
rat and the number of TUNEL-positive cells was
scored in five random high-power (×400) fields.
Immunohistochemical staining
Endogenous peroxidase activity of the sections was
blocked by incubating in 0.3% hydrogen peroxide for
30 min. After washing in phosphate-buffered saline
(PBS,Bogoo, Shanghai, China), nonspecific binding
sites were blocked with normal serum (Cell Signaling
Inc, Danvers, MA, USA) in PBS (0.1% Tween 20).
The sections were incubated for 1 h at 4℃ with the fol-
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Figure 1 Effect of EA on TUNEL staining of AF cells
A: sham group; B: control group; C: EA group; D: MT group;
E: number of TUNEL-positive cells/field in each experimental
group. In the EA group, acupuncture needles were inserted
to depths of approximately 3 mm at Dazhui (GV 14), stimu-
lated with EA at 1 mA in intensity and 2/100 Hz in frequency
using a HANS EA instrument and the EA treatment was sus-
tained for 30 min once a day and a complete course consist-
ed of 14 days with a 2-day interval between two courses. In
the MT group, meloxicam (0.75 mg/kg) was given by intra-
gastric administration for 30 days. The sham and the control
group were identical to the other groups but without acu-
puncture or electrical treatment. The TUNEL staining images
are shown at a magnification of 400×. EA: electroacupunc-
ture; MT: meloxicam tablets; TUNEL: terminal deoxynucleo-
tidyl transferase-mediated dUTP-biotin nick end labeling.
Note the significant decrease of TUNEL-positive cells in the
EA group compared with the control group. Data shown are
averages with SD (error bars) (n=7). aP<0.01 and bP<0.05, vs
control group.
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lowing rat monoclonal antibodies: anti-TNF-α, an-
ti-TNFR1 and anti-caspase-8 (Cell Signaling Inc, Dan-
vers, MA, USA). Detection of the primary antibody
was performed with biotinylated anti-rat IgG (Cell Sig-
naling Inc, Danvers, MA, USA). The sections were
then treated with ABC (Cell Signaling Inc, Danvers,
MA, USA) reagent. Peroxidase activity was visualized
using a diaminobenzidine (DAB) kit (Cell Signaling
Inc, Danvers, MA, USA). After the samples were
rinsed thoroughly in PBS, the sections were counter-
stained in hematoxylin (Bogoo, Shanghai, China). Fi-
nally, the sections were dehydrated, cleared, and
mounted, and examined by an Olympus BX50 micro-
scope coupled to an Image Analysis System (Image-Pro
Plus, Media Cybernetics, Bethesda, MD, USA).
RNA extraction and real-time polymerase chain
reaction (RT-PCR) analysis
Total RNA was obtained from AF sections and dis-
tilled with TRIzol reagent (Sigma, St. Louis, MO,
USA). Oligo (dT)-primed RNA (1 μg) was re-
verse-transcribed with SuperScript II reverse transcrip-
tase (Promega, Madison, WI, USA ) in accordance
with the manufacturer's protocol with minor revisions.
The resulting cDNA was used to examine the amount
of integrin β1 or Akt mRNA by PCR with Taq DNA
polymerase (Fermentas). The primers used in this
study were as follows: integrin β1 forward
5′-TGCCTACAACTCTCTTTCTTC-3′ and reverse
5′-CACCACATTCACAAATACC-3′ ; Akt forward
5′-TTTATTGGCTACAAGGAACG-3′ and reverse
5′-AGTCTGAATGGCGGTGGT-3′ ; and GAPDH
forward 5′-GTCACCATGACAACTTTGG-3′ and re-
verse 5′-GAGCTTGACAAAGTGGTCGT-3′.
Western blotting
The protein extracts were subjected to 10% sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) with the Laemmli discontinuous buffer system.
Proteins were electrophoresed using a Bio-Rad slab gel
apparatus (Bio-Rad Laboratories, CA, USA) at a con-
stant voltage of 80 V. Separated proteins in the gels
were electrophoretically transferred onto polyvinyli-
dene fluoride membranes at a constant voltage of 100
V at 4℃ and blocked with 5% skim milk for 2 h at
RT. After washing the membranes with TBST (Tris
Buffered Saline with Tween-20, 20 mM Tris/HCL,
500 mM Nacl and 0.1% Tween-20), antibodies
against integrin β1 and Akt (Cell Signaling Inc, Dan-
vers, MA, USA) were added and incubated for 12 h at
4℃ . Membranes were further incubated with second-
ary antibody (Cell Signaling Inc, Danvers, MA, USA)
for 1 h at RT, and then washed in TBST. Bound per-
oxidase was detected using ECL (Amersham, Piscat-
away, NJ, USA).
Statistical analysis
All results were presented as the means±standard devia-
tion (SD). Statistical calculations were performed using
the SPSS package for Windows (version 16.0) (Insti-
tute Inc., Chicago, IL, USA). Statistical analysis of the
data was carried out using the Student's t test. P<0.05
was considered statistically significant.
RESULTS
TUNEL assay
We evaluated the effect of EA treatment on apoptosis
in AF cells using TUNEL assays. TUNEL staining of
the four groups showed that the cell nuclei in the con-
trol group exhibited higher staining compared with the
sham group (Figure 1A-D). In the control group, the
nuclear membrane was broken down and the nucleus
became denser. In contrast, cells in the EA group
showed a relatively intact nuclear membrane. The
number of TUNEL-positive cells was significantly in-
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creased in the control group compared with the sham
group. The number of TUNEL-positive cells in the EA
group was decreased compared with the control group,
but similar to the MT and sham controls (Figure 1E).
Immunohistochemical staining for TNF-α, TNFR1
and caspase-8
Caspase 8 is a downstream protein of TNF-α and TN-
FR1 that may induce apoptosis. TNF-α was predomi-
nantly observed in AF cells in the immunostaining im-
ages of the four experimental groups. The control
group exhibited higher TNF-α immunostaining com-
pared with other groups (Figure 2A-D). Deactivation
of the apoptosis process was demonstrated by TNF-α
expression, and was more evident in the EA group and
the MT tissues, in which TNF-α was downregulated
to lower levels than in the control group (Figure 2E).
The expression levels of TNFR1 and caspase 8 were
similar to that of TNF-α, both in the immunostain-
ing images and in the number of positive cells (Fig-
ures 3, 4).
Expression of integrin β1 and Akt
Expression of integrin β1 and Akt mRNA levels in the
control group was lower than in the sham group, and
EA treatment upregulated the mRNA expression of
these two proteins (Figure 5A, C, E). Western blot
analysis confirmed that the pattern of integrin β1 and
Akt protein expression was similar to that of their
mRNA levels (Figure 5B, D, F).
DISCUSSION
Studies have shown that CS is mainly due to apoptosis
in IVD cells.3,4 Our previous studies had also con-
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Figure 2 Effect of EA on TNF-α staining in AF cells
A: sham group; B: control group; C: EA group; D: MT group;
E: number of TNF-α-positive cells/field in each experimental
group. In the EA group, acupuncture needles were inserted
to depths of approximately 3 mm at Dazhui (GV 14), stimu-
lated with EA at 1 mA in intensity and 2/100 Hz in frequency
using a HANS EA instrument and the EA treatment was sus-
tained for 30 min once a day and a complete course consist-
ed of 14 days with a 2-day interval between two courses. In
the MT group, meloxicam (0.75 mg/kg) was given by intra-
gastric administration for 30 days. The sham and the control
group were identical to the other groups but without acu-
puncture or electrical treatment. AF cells were stained with
anti-TNF-α antibody. Representative photos of TNF-α immu-
nohistochemical staining were taken at a magnification of
400 × . EA: electroacupuncture; MT: meloxicam tablets; AF:
Annulus fibrosis; TNF-α: tumor necrosis factor-α. Note that
immunohistochemical staining for TNF-α is markedly de-
creased in the EA group compared with the control group.
Data shown are averages with SD (error bars) (n=7). aP<0.01,
vs control group.
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Figure 3 Effect of EA on immunohistochemical staining for
TNFR1 in AF cells
A: sham group; B: control group; C: EA group; D: MT group;
E: number of TNFR1 cells/field in each experimental group.
In the EA group, acupuncture needles were inserted to
depths of approximately 3 mm at Dazhui (GV 14), stimulat-
ed with EA at 1 mA in intensity and 2/100 Hz in frequency
using a HANS EA instrument and the EA treatment was sus-
tained for 30 min once a day and a complete course consist-
ed of 14 days with a 2-day interval between two courses. In
the MT group, meloxicam (0.75 mg/kg) was given by intra-
gastric administration for 30 days. The sham and the control
group were identical to the other groups but without acu-
puncture or electrical treatment. AF cells were stained with
anti-TNFR1 antibody. Representative photos of TNFR1 immu-
nohistochemical staining were taken at a magnification of
400 × . EA: electroacupuncture; MT: meloxicam tablets; AF:
Annulus fibrosis; TNFR1: tumor necrosis factor receptor 1.
Note that immunohisto- chemical staining for TNFR1 is
markedly decreased in the EA group compared with the
control group. Data shown are averages with SD (error bars)
(n=7). bP<0.05 and aP<0.01, vs control group.
Groups
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firmed that EA treatment inhibited AF cell apoptosis
through the mitochondria-dependent pathway.2 To
confirm the effect of EA treatment on CS, we first
used the TUNEL assay to examine AF cell apoptosis.
TUNEL staining showed that EA treatment reduced
the signs of apoptosis, which indicated EA exerted a
positive effect on the treatment of CS. TNF-α is a po-
tent proinflammatory agent produced primarily by acti-
vated monocytes and macrophages that may also re-
duce apoptosis.23 Related research indicated that
TNF-α was significantly higher in the rupture of AF
than that in the unruptured annulus.13,14 Further find-
ings showed TNF and TNFR1 binding could induce
apoptosis.15,24 The activation of caspases, such as cas-
pase 3, caspase 6 and caspase 8, plays an important role
in the cell apoptosis.9,11,25 These proteins function in
cell death through the TNF-α-TNFR1 pathway. The
present study has shown that EA treatment reduced
the number of positive TNF-α, TNFR1 and caspase 8
AF cells. These findings suggest that EA inhibits apop-
tosis by suppression of the TNF-α-TNFR1-caspase 8
pathway.
We investigated whether changes in the expression of
integrin β1 and Akt were related to the inhibition of
apoptosis. Integrins are a family of cell surface proteins
that are composed of α and β subunits, with each αβ
combination showing specific binding and signaling
properties.26 The loss of integrin-dependent survival sig-
nals during cell detachment, a particular form of apop-
tosis named "anoikis", will occur after programmed
cell death eliminates cells undergoing biological insults
and generates loss of direct and/or indirect survival sig-
nals through morphological, biochemical and molecu-
lar changes.27,28 Anchorage-dependent cell survival is
regulated by a cascade that involves phosphorylation of
ILK, which is an intracellular serine/threonine protein
kinase that interacts with the integrin β1 cytoplasmic
domain via its carboxyl terminus.29 Activation (or over-
expression) of ILK, in turn, activates protein kinase B
(PKB)/Akt, which then leads to protection from apop-
tosis.30 A recent study reported that integrin β protects
from apoptosis either through the PI3K/Akt kinase sig-
naling pathway31 or through Akt-NF-κB and
JAK-STAT3 signaling pathways.32 In this study, we
demonstrated for the first time that EA increased integ-
rin β1 and Akt mRNA and protein expression in cervi-
cal IVD degeneration, suggesting that integrin β1/Akt
signaling may be associated with AF cell apoptosis.
However, whether these molecules implicate the pro-
grammed cell death gene cascade or whether their de-
creased expression is only a nonspecific response to
apoptosis remains unclear.
Recent work has suggested that EA stimulation can
suppress apoptosis induced by surgical trauma stress,
possibly by modulating Fas protein expression,33 and
protect neuronal damage and impairment of learning
and memory.34 Some studies also showed that EA can
reduce the hippocampal apoptotic rate and downregu-
late hippocampal p-JNK level in a rat depression mod-
el, which is responsible for its effect in improving de-
pression-induced decreased movement.35
In conclusion, our study indicates that EA treatment at
DU 14 suppresses AF cell apoptosis via the
TNF-α-TNFR1-caspase-8 pathway and upregulates in-
tegrin β1 and Akt expression. Our findings provide evi-
dence that EA may be a good alternative therapy for
treating CS.
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